With the introduction of dual chamber pacemakers that have multiple atrial amplitude sensing values, selective P wave sensing is possible. Five consecutive patients were studied who had 1) retrograde atrioventricular conduc• tion, 2) anterograde atrial signals that were at least 1.4 times larger than their corresponding retrograde atrial signals, and 3) dual chamber pulse generators that are capable of discriminating this difference in atrial am• plitude. In each patient the pacemaker was programmed in the DDD mode and the postventricular atrial rt!frac• tory interval was at least 100 ms shorter than the indi• vidual's minimal retrograde conduction time. Two atrial sensitivity settings were evaluated in each patient: a high setting to ensure sensing of both anterograde and ret• rograde P waves, and a lower setting to allow sensing of anterograde P waves only. Ambulatory electrocarContinuous effective atrial sensing is a necessary condition for proper functioning of a dual chamber pacemaker. The sensing of an atrial signal initiates a number of timing in• tervals and activates the atrioventricular (A V) interval timer. If a ventricular signal is not identified during the pro• grammed A V interval, the pulse generator emits a ventric• ular stimulus at the end of the A V interval, pacing the ventricle. If a ventri{:ular signal is sensed during the A V interval, the pulse generator remains quiescent. In this man• ner, A V synchrony and rate-responsive pacing (1), the major advantages of dual chamber pacing, are maintained. When the atrial signal is not sensed, the pulse generator will pace the atrium, competing with the intrinsic atrial rhythm (2), disrupting A V synchrony and undermining rate-responsive pacing. Conversely, the sensing of retrograde atrial signals can initiate and sustain endless loop tachycardia (3,4).
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The amplitude of the atrial endocardial signal is one of the major criteria necessary to ensure signal recognition by diographic monitoring demonstrated that with a high sensitivity setting, each patien~ sustained endless loop taChycardia (mean number of episodes 41, range 6 to 143) and that a low atrial sensitivity setting eliminated the tachycardia. With the lower atrial sensitivity setting, there was only sporadic atrial undersensing (1.5 episodes for each 1,000 P waves).
This Implantation technique and measurements. Informed written consent was obtained from all patients before im• plantation of the pacemaker and the leads were inserted in the standard manner. Using fluoroscopic guidance, the atrial lead was positioned in the right atrial appendage and the ventricular lead was positioned in the right ventricular apex. Endocardial electrograms were recorded on photographic paper at 200 mmls using a physiologic recorder (Electronics for Medicine) that has a passband of 0.1 to 2,000 Hz. The peak to peak amplitude of the anterograde and retrograde atrial signals was determined as previously described (6,7). The existence of retrograde conduction was determined by recording the atrial electrogram 'during incremental ventric• ular pacing (8) .
Pulse generator. An investigational pulse generator that has multiple atrial amplitUde sensitivity selections, either the CPI 925 (Cardiac Pacemakers, Inc.) or the CCS 501 (Cardiac Control Systems, Inc.) was implanted in all pa• tients. The CPI 925 pulse generator has 26 atrial sensitivity settings, ranging from 0.25 to 15 mY. Its sensing amplifier is calibrated with a 25 Hz haversine signal and the tolerance is 0.25 mY or 40%, whichever is greater. The CCS 501 has 16 atrial amplitude sensing selections ranging fmm 0.5 to 25.0 mY. In addition to amplitude discrimination, the unit has a programmable passband filter allowing for low frequency selection (20 to 110 Hz) or high frequency se• lection (40 to 200 Hz). The low frequency amplifier is calibrated with a 25 Hz haversine signal and the high with a 50 Hz -haversine signal. The amplitude tolerance with the low frequency filter setting is 10% for settings greater than 0:5 mY and 50% for the 0.5 mY setting.
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Pacing protocol. The pacemakers were programmed in the DDD mode with a unipolar lead configuration. After implantation, the pulse generator output was programmed sufficiently above stimulation threshold to ensure -continued effective pacing in the early postoperative period (9) . The postventricular atrial refractory interval was selected to be shorter than the patient's minimal retrograde conduction time. The upper rate limit was less than 115 beats/min. Two atrial sensitivity selections were evaluated in each patient: one to ensure sensing of both anterograde and retrograde P waves and one to allow sensing of anterograde P waves only. In patients with the CCS 501 pulse generator the pacemaker was programmed for the low passband filter atrial sensitivity setting. Ambulatory electrocardiographic (Hol• ter) monitoring was performed on 2 consecutive days and the ~equence of atrial sensitivity settings was randomly assigned.
Holter monitoring. The Holter monitor electrocardio• graphic tapes were analyzed with a microprocessor-based scanner that has full disclosure capability (Trendsetter, model DCG VII). The tapes were displayed in 3 minute increments at 10 to 20 times magnification. All episodes of atrial sensing abnormalities and endless loop tachycardia were printed on a chart recorder for analysis and quantification. The duration of the study, number of beats and number of atrial under• sensing episodes were recorded, as was the duration of each episode of endless loop tachycardia. The transcriptions were reviewed independently by the authors. indication for pacemaker implantation was second degree heart block in three patients, complete heart block in one patient and symptomatic sinus bradycardia in one. Initial implantation data. The amplitude of the antero• grade P waves was at least 1.4 times larger than that of the corresponding retrograde P waves. The mean ratio of the amplitude was 1.9 (range 1.4 to 2.7). The mean am• plitude of the anterograde atrial signal was 4.6 mV (range 2.3 to 7.4), whereas the mean amplitude of the retrograde signal was 2.4 mV (range 1.4 to 3.3). On average, the anterograde signal was 2.2 mV larger than the retrograde signal (Fig. 1) . Table I . The average V A conduction time was 260 ms (range 200 to 335). The retrograde conduction time was prolonged with incremental ventricular pacing and, in all patients, retrograde block occurred at a ventricular pacing rate exceeding 120 beats/min. Pacer settings. All five patients' pacemakers were in the DDD mode with a unipolar atrial lead configuration. The mean duration of the postventricular atrial refractory interval was short, 112 ms (range 60 to 200). The patients' minimal V A conduction time was at least lOOms longer than the programmed postventricular atrial refractory inter• val. The mean upper rate limit was programmed to 96 beats/min (range 80 to 115). This was well below the rate at which retrograde block occurred.
Results

Each patient's minimal ventriculoatrial (VA) conduction time is listed in
Holter monitor results. All patients had endless loop tachycardia when the atrial sensitivity selection was high (Table 1 ). The mean number of episodes of tachycardia per patient was 41 (range 6 to 143). The mean duration of the tachycardia was 118 beats. There were no episodes of atrial undersensing. When the atrial sensitivity setting was de• creased, sensing of retrograde P waves was eliminated and endless loop tachycardia did not occur. There was sporadic lACC Vol. 7. No 3
March 1986:590--4 atrial undersensing with the lower atrial sensitivity setting. On average, atrial undersensing occurred 1.5 times for every 1,000 P waves. The atrial undersensing did not produce atrial arrhythmia.
Discussion
Continuous adequate atrial sensing depends on several features of the atrial signal: amplitUde, slew rate and fre• quency content (10) . When minimal criteria are satisfied, the atrial endocardial signal is identified by the atrial sensing amplifier and the appropriate timing cycles are initiated. A sensed atrial signal initiates the atrioventricular timing in• terval. If, after the programmed A V delay, no ventricular signal is identified by the ventricular amplifier, a ventricular stimulus is generated. Conversely, sensing of the ventricular signal during the A V interval inhibits the programmed ven• tricular output. In this manner, effective ventricular tracking of the atrial signal is assured; as the atrial rate increases so can the ventricular rate.
Endless loop tachycardia. When a retrograde P wave is sensed by the atrial amplifier and retrograde conduction is stable, an endless loop tachycardia will ensue. To avoid this tachycardia, the postventricular atrial refractory interval can be increased beyond the patient's maximal retrograde conduction time (11, 12) . During the atrial refractory inter• val, the amplifier is insensitive to electrical signals. The atrial refractory interval prevents the endless loop tachy• cardia and concurrently limits the interval between consec• utive atrial signals that can be sensed. When the interval between consecutive atrial signals is less than the sum of the pulse generator's programmed A V interval and the post• ventricular atrial refractory interval, ventricular tracking does not occur. Thus, the upper rate limit must be sacrificed to avoid endless loop tachycardia. Ante = anterograde; ARI = atrial refractory interval; CHB = complete heart block; Diag. = diagnosis; Dura. = duration; ELTs = endless loop tachycardias; HR Prod. = heart rate producing; Min. = minimal; Retro = retrograde; SB = sinus bradycardia; 2: 1 A VB = second degree heart block; URL = upper rate limit; V A = ventriculoatrial. The majority of commercially available dual chamber pulse generators have fewer than five atrial amplitude sen• sitivity selections. These pacemakers and their correspond• ing sensitivity settings are listed in 
